Traditional pastoralists survive in few places in the world. They can still be encountered in the African Sahel, where annual alternations of dry and wet seasons force them to continual mobility. Little is known about the genetic structure of these populations. We present here the population distribution of 312 hypervariable segment I mitochondrial DNA (mtDNA) and 364 Y-short tandem repeat haplotypes in both farmer and pastoralist groups from the Lake Chad Basin and the West African Sahel. We show that the majority of pastoral populations (represented in the African Sahel by the Fulani nomads) fail to show significant departure from neutrality for mtDNA as evidenced by Fu's Fs statistics and exhibit lower levels of intrapopulation diversity measures for mtDNA when contrasted with farmers. These differences were not observed for the Y chromosome. Furthermore, analyses of molecular variance and population distributions of the mtDNA haplotypes show more heterogeneity in the sedentary groups than in the pastoralists. On the other hand, pastoralists retain a signature of a wide phylogenetic distance contributing to their male gene pool, whereas in at least some of the farmer populations, a founder effect and/or drift might have led to the presence of a single major lineage. Interestingly, these observations are in contrast with those recorded in Central Asia, where similar comparisons of farmer and pastoral groups have recently been carried out. We can conclude that in Africa, there have been no substantial mating exchanges between the Fulani pastoralists coming to the Lake Chad Basin from the West African Sahel and their farmer neighbors. At the same time, we suggest that the emergence of pastoralism might be an earlier and/or a demographically more important event than the introduction of sedentary agriculture, at least in this part of Africa.
Introduction
Although the contrasting patterns of genetic diversity between hunter gatherers and farmers have been examined in several studies (Excoffier and Schneider 1999; Pereira et al. 2001; Destro-Bisol et al. 2004; Pilkington et al. 2008; Verdu et al. 2009 ), we still know little regarding processes that have led to the present day genetic differentiation seen in farmers and pastoralists (Luca et al. 2008) . Pastoralists' lifestyle conforms closely to the needs of domestic animals, and in this way, it resembles that of hunter gatherers, who are obliged to follow wild game. However, in today's age, there is no human subsistence activity being carried out in a social vacuum, and similarly to hunter-gatherers, pastoralists communicate, collaborate, and exchange their produce with farmers.
Extant studies analyzing social aspects of human evolutionary genetics deal mainly with the relationship of patrilocality versus matrilocality (Oota et al. 2001; Hamilton et al. 2005) . It has been shown that postmarital residence patterns significantly influence the genetic structure of a population. This is especially apparent in gender-specific genetic markers, such as mitochondrial DNA (mtDNA) and the nonrecombinant portion of the Y chromosome (NRY). Reduced Y-chromosomal diversity in some populations is generally explained by genetic drift caused by patrilocal endogamy (Marchani et al. 2008) .
Insightful analysis of the genetic differences between farmers and pastoralists has come out of Central Asia (Chaix et al. 2007) , where these groups coexist from some 6 thousand years ago (KYA). In contrast to their farmer neighbors, Central Asian pastoralists show a loss of NRY (measured by short tandem repeats or STRs) diversity that is not observed for mtDNA (measured by Hypervariable Segment I or HVS-I). According to the authors, the discrepancy can be explained by differences in social organization of these communities resulting in genetic drift in pastoralist Y chromosomes. The study is an appealing example of how social structure can influence genetic structure in a short period of time (Balaresque and Jobling 2007) .
In this article, we have tried to determine whether such differences between farmers and pastoralists are to be found elsewhere, looking concretely at the Sahel belt of Africa where they live in close proximity. The Sahel zone lies between the savannah zone in the south and Sahara desert in the north and represents one of the outstanding ecosystems of the planet. No agriculture is possible in the southern Sahara, though pastoralists still find some pasture for their animals during the short rainy season. Agriculture is, however, well sustainable in the more humid areas near the Savannah zone. The African Sahel, lying in between, thus forms a meeting ground for pastoralists and farmers.
Several forms of mutual relations and economical exchanges have been established between these two communities (Beauvillain 1977) . Nomadic pastoralists cannot survive on their own resources alone, so women currently sell milk and dairy products to the farmers at the local markets and buy agricultural and craftwork products in return. The presence of the pastoralist's herds grazing on the farmer's fields after the harvest is also welcomed as a convenient form of natural fertilization.
Archaeologically, the origin of pastoral subsistence in Africa can be localized to the Eastern and Central Sahara (Lhote 1973; Wendorf et al. 1984; Dupuy 1999; Mohammed-Ali and Khabir 2003) . Moreover, several rocky massifs in the Sahara contain a large number of prehistoric paintings, and engravings of domestic cattle that are dated later than the depictions of wild animals also found there and have led to the recognition of the presence of a Bovidian culture (Le Quellec 1997; Holl 2004; Smith 2005) . Even though the exact chronology of such Saharan rock art is very contentious (Muzzolini 1992) , it is commonly agreed that pastoralists were present here some 6 KYA. It has even been further suggested that some of the paintings found in the rocky shelters of the Tassili-n-Ajjer Mountains in Southeast Algeria were created by ancestors of the contemporary Fulani pastoralists because the same cattle cults and rites as depicted in the prehistoric paintings are still being performed by some Fulani groups today (Dupire 1962; Ba and Dieterlen 1966) .
The Fulani nomads are unambiguously the dominant pastoral group of the West African Sahel (Botte et al. 1999; Diallo and Schlee 2000) . According to the historical sources available, their cultural expansion began in the mountains of Futa Djalon in West Africa (Newman 1995) in the 11th century AD and continued eastward through the inner Niger delta as far as the Lake Chad Basin, where their first archaeological traces can be dated to the 15th century (David 1971; Gauthier 1979) . Some Fulani pastoralists have settled into sedentary lifestyles in the Sahel during the last 500 years but many remain faithful to their original nomadic lifestyle (Schultz 1984; Jabbar et al. 1995) . We show that these populations differ significantly in several genetic aspects as well as their lifestyles.
Materials and Methods

The Subjects
The African Sahel is a place of sedentary farmers and nomadic pastoralists. Although the pastoralists are represented almost exclusively by the Fulani people, the farmers can be classified into various ethnolinguistic groups. We collected samples (buccal swabs) of several Fulani pastoral groups from five African countries-Chad, Cameroon, Niger, Burkina Faso, and Mali, and in total, we secured samples of 432 individuals of which only 186 had already been published previously (Černý et al. 2006) . All these individuals identified themselves as Fulani (locally also called Peul, Fulbé, Fula, Wodabé, M'Bororo, etc.) speaking one of the ''Fulfulde'' dialects/languages belonging to the West Atlantic branch of the Niger-Congo linguistic family. As Fulani groups move frequently (from temporary camp to camp), we registered the approximate place of our encounter during their dry season wandering. For comparison purposes, we collected samples from their sedentary farmer neighbors as well. The farmer sample is not ethnically homogenous and represents different linguistic families-Afro-Asiatic (Buduma, Bulahay, Hide, Kotoko, Mafa, and Masa-all currently classified to the Chadic branch), Nilo-Saharan (Songhai, Kanuri, and Kanembou), and Niger-Congo (Fali). Of the 470 sedentary farmer samples analyzed here, 294 have been previously published (Černý et al. 2007 ). Thus, the total number of new samples presented in this study equals 422. The exact numbers of individuals analyzed for mtDNA and NRY in each population are shown in tables 1 and 2, respectively, geographic locations of the population samples are shown in figure 1. When performing the NRY analysis, the Fali data were excluded, and the Mafa and the Hide were merged because of small sample sizes and the close linguistic and cultural affinities between them.
Laboratory Methods DNA extraction and polymerase chain reaction amplification of mtDNA HVS-I segment were undertaken as previously reported (Černý et al. 2004, 2007) . Mutations were scored relative to the revised Cambridge reference sequence (Andrews et al. 1999) , and numbers within the range 16030-16370 refer to the position of the mutation in that sequence. Three restriction fragment length polymorphisms outside this region (3592 HpaI, 2349 MboI, and 16391 AvaII) were also assayed in some cases, allowing confirmation of the phylogenetic assignments inferred by HVS-I. Eight Y chromosome STRs (DYS19, DYS388, DYS389_1, DYS389_2, DYS390, DYS391, DYS392, and DYS393) were analysed in 364 male samples of both sedentary and pastoral groups according to standard methods (Carracedo et al. 2001; Butler et al. 2002) .
Data Analysis
To evaluate genetic structure at the intrapopulation level for both mtDNA and Y-STR, we have analysed gene (haplotype) diversity and mean number of pairwise differences Černý et al. · doi:10.1093/molbev/msr067 MBE (in number of nucleotides for mtDNA and in number of repeats for Y-STRs) and compared the values obtained for these measures in pastoral and farmer populations using the Wilcoxon test. For mtDNA, we also calculated nucleotide diversity, Harpending's (raggedness) index, and its probability, as well as three tests of selective neutrality estimating past population growth, such as Tajima's D (Tajima 1989 ), Fu's Fs (Fu 1997) , and Ramos-Onsins and Rozas's R 2 (Ramos-Onsins and Rozas 2002). All the parameters and tests except for R 2 (calculated using DnaSP software, version 5.10.01; Rozas and Rozas 1999) were performed using Arlequin software, version 3.5.1.2 .
To evaluate genetic structure at the interpopulation level, pairwise genetic distances based on haplotype frequencies (F ST ) or on haplotype frequencies and the squared difference between STR alleles (R ST ) were obtained with NOTE.-n, sample size; k, number of different haplotypes; Hs, gene diversity; P, nucleotide diversity; Dii, mean number of pairwise differences; r, Harpending's (raggedness) index; P(r), probability of Harpending's index; D, Tajima's test of selective neutrality; P(D), probability of D statistics; Fs, Fu's test of selective neutrality; P(Fs), probability of Fs statistics; R 2 , R 2 statistic, P(R 2 ), probability of R 2 statistics; and the numbers with asterisks are statistically significant at 5% level. Genetic Structure of Pastoralists and Farmers · doi:10.1093/molbev/msr067 MBE Arlequin. When partitioning the total variation, the R ST index takes into account the squared number of repeat differences between two haplotypes. This is a relevant measure inasmuch it is linearly related to the expected coalescence time of the alleles compared (Slatkin 1995) . Although we always calculated both indexes in Y-STR analyses, we preferentially present R ST data to render the effect of the phylogenic divergence between haplotypes and not simply their difference in state. This choice was supported by a significant (P 5 0.05 for the global statistics and P 5 0.02 for the average of pairwise statistics) contribution of allele sizes to genetic differentiation, as determined using the method of Hardy (Hardy et al. 2003) . Multidimensional scaling (MDS) of F ST and R ST genetic distances was obtained by means of Statistica software version 5.5 (StatSoft, Inc.). Geographic distances were calculated based on latitude and longitude data using the online gpsvisualizer program. The Mantel test was used to assay the significance of the correlation between genetic and geographic distances with 10,000 permutations. The absolute number of migrants exchanged between population pairs (M) was estimated for both mtDNA and Y-STR by transforming the matrix of pairwise F ST (without interallele distances) according to the formula M 5 (1 À F ST )/(2 Â F ST ). The values were rendered by using increasing line thickness for three classes of values.
The sharing of haplotypes between the pastoral and sedentary groups was calculated by Arlequin and visualized by the Network program version 4.516 (Bandelt et al. 1995) . For mtDNA, the reduced median algorithm was used, with a reducing factor of two, followed by the median joining algorithm to resolve intermediate nodes. The fastest sites (16093, 16129, 16189, 16311, and 16362) were downweighted to 5 from an overall value of 10 for all the remaining sites (Soares et al. 2009 ). For Y-STRs, the median joining algorithm with the .1 criterion was used, and each locus was given a weight inversely proportional to its repeat variance.
Results
mtDNA
The pastoral groups exhibit consistently lower levels of intrapopulation diversity measures including gene diversity, nucleotide diversity, and mean number of pairwise differences (table 1) . We have examined these differences using the Wilcoxon test and confirmed their statistical significance (two-sided P value for nomads vs. farmers 5 0.002 for gene diversity, 0.005 for nucleotide diversity, and 0.006 for pairwise differences). Excepting the pastoral group from Banfora, no other population in our sample shows a statistically significant Harpending's (raggedness) index.
Departure from the neutral model of populations evolving at constant size in mutation-drift equilibrium with no selection was tested by employing D, R 2 , and Fs statistics. With one exception (the Mafa), all Tajima's D and R 2 tests show no departure from neutrality expectations. However, Fu's Fs statistics showed higher discriminatory power, revealing a significant departure from neutrality, compatible with population expansion in all the farmer populations analyzed in this study. In the pastoralists (table 1) , however, significant departure from neutrality was restricted to only 3 of 11 groups.
The correlations between genetic (F ST ) and geographic distances in both farmer and pastoral populations are shown in figure 2a and b, respectively. No statistically significant correlation is observed for the pastoralists (R 2 5 0.0474; P 5 0.891), but it is positive and statistically significant for the sedentary farmers (R 2 5 0.4848; P 5 0.006). Mutual genetic distances among all populations displayed by MDS analysis ( fig. 3a ) localized all pastoral groups in the left part of the graph along with only one ''intrusive'' farmer population (the Songhai). All other farmers are situated in the right part of the graph with similar distances for at least the Lake Chad Basin populations.
The analysis of molecular variance results showed that when grouping populations into pastoralists and farmers, 92.35% of the variation is observed within populations, 1.84% between populations/within groups, and 5.81% between groups, thus confirming a greater heterogeneity between than within groups. The same is also confirmed by the F CT value of 0.058 (variation between groups) compared with the F SC of 0.019 (variation between populations within groups). Individually, farmers displayed a higher F ST (0.024) than the nomads (0.014), testifying to the greater heterogeneity of the former. 
MBE
As genetic affinity can be maintained by gene flow between populations, we provide figure 4A , where the estimated number of migrants between pairs of population is obtained by transforming the F ST matrix. From the results, intensive gene flow in mtDNA can be inferred between each pair of pastoral populations and between some pastoralist groups and the Songhai. Strong gene flow is also apparent among several sedentary groups, especially the Masa, but some of them such as the Buduma and Kanembou appear very isolated in this regard.
Analysis of the mtDNA haplotype distribution revealed another interesting point. Although the majority of the haplotypes harboured in pastoral groups is shared, the farmer groups bear rather differing haplotypes. In supplementary figure S1, Supplementary Material online, 432 ''pastoral'' sequences (in gray) are clustered into a much lower number of haplotypes than the 470 ''farmer'' sequences (in white). One important issue is that each of the most frequent haplotypes in the network is shared between the groups. The nine most common haplotypes in the network are each found in more than 15 individuals and are shared in 7 of 11 pastoral groups. In total, these haplotypes correspond to about 70% of the mtDNA gene pool in pastoralists as a whole. The mtDNA haplotypes and how they are shared among the analyzed populations are shown in the supplementary table S1, Supplementary Material online.
Y-STRs
The parameters of intrapopulation diversity are reported in table 2. Four populations stand out for having a lower level of gene diversity (,0.80) attributable to the presence of a predominant haplotype (see supplementary table S2, Supplementary Material online). Even though there is no significant difference in gene diversity between the two groups of different lifestyle (Wilcoxon test P 5 0.804), three of the four instances of low diversity occur in the farmer Genetic Structure of Pastoralists and Farmers · doi:10.1093/molbev/msr067 MBE populations. Haplotype diversity is not paralleled by the mean number of pairwise differences, which is 3.414 and 3.362 in the FADE and the BUDU, respectively, whereas dropping to 1.397 and 1.222 in the BULA and the MAFA and HIDE, respectively. This result becomes clearer when considering the phylogenetic relationships between haplotypes contributing to gene diversity (see below). Overall, the mean number of pairwise differences does not differ significantly between pastoralists and farmers (Wilcoxon test P 5 0.441).
The relationship between genetic (R ST ) and geographic distances in both farmer and pastoral populations are shown in figure 2c and d, respectively. In contrast to mtDNA, no statistically significant correlation was observed. R ST values (y axis) are generally lower among the pastoralists. Six of the pairwise R ST values are greater than 0.5 in farmers and are observed both between populations living at short distances (left side of the plot) and as far as ;1,800 km apart. Of the six pairwise comparisons producing such high values, three involved one population with low diversity and three involved two populations with low diversity. In all cases, no more than a single haplotype was shared between the populations compared.
A summary representation of pairwise R ST as obtained by MDS is displayed in figure 3b . Although the pastoral populations form a tight cluster on the bottom right of the plot, the farmers are much more dispersed, lying from the top centre to the bottom left. Compared with the F ST plot (not shown here), the R ST plot was better able to distinguish a subset of the farmers, such as Kanuri, Kotoko, Kanembou, and one group of Fulani pastoralists from Diffa. In agreement with the mtDNA results, the Songhai are the only farmers genetically close to the pastoralists.
In the Y-STR migration matrix ( fig. 4b ), the intensive gene flow among pastoralists mirrors that seen with mtDNA. Conversely, only a minimal exchange among farmers was apparent, with the Kanembou displaying consistent male-driven gene flow.
When the populations were partitioned according to their lifestyle (supplementary table S3 , Supplementary Material online, first three lines, left) the index F CT measuring the contribution of the distinction between groups to the total variance was 0.131. Residual heterogeneity among populations within groups produced an F SC of 0.138. The R statistics, which also weights the number of repeats separating alleles, produced an increase of both fixation indexes (0.208; supplementary table S3, Supplementary Material online, first three lines, right). This denotes that variation in STR numbers between alleles contributes to interpopulation and intergroup differences, again stressing the relevance of evolutionary diversification between haplotypes found in different populations. However, heterogeneity between populations was not distributed equally in both groups. In particular (supplementary table S3, Supplementary Material online, central and bottom lines, left) F ST was much lower among pastoral (0.049) than sedentary (0.241) populations. Furthermore, consideration of interallele size differences resulted in a nearly doubled fixation index among nomadic populations (0.084), but only a 34% increase among sedentary populations (0.322).
Further insights into the composition of the male gene pool of the populations examined here were gained by considering the phylogenetic relationships between Y-STR haplotypes. Among the eight-loci haplotypes studied in the 364 males, 100 were private, that is, observed in only one individual. Among the remaining 264 individuals (73% of total), 54 different nonprivate haplotypes were observed. The network connecting these 54 shared haplotypes is shown in supplementary figure S2 , Supplementary Material online, with each plot displaying which haplotype is found in the corresponding population. The overall network consists of three clusters, connected by median vectors, and positioned in the top, right, and bottom portions of the graph, respectively (right-bottom panel in supplementary  fig. S2, Supplementary Material online) . There is great variation in the occurrence of haplotypes belonging to each cluster in the two lifestyle populations. In most cases, haplotypes of the second and third cluster are represented among pastoralists (11 plots at the top of supplementary fig. S2 , Supplementary Material online) with sporadic representatives of the first cluster. Conversely, among the farmers, haplotypes of the first cluster are very common and are the sole ones represented in the Bulahay and in the pooled Mafa-Hide group. This accounts for the low levels of both haplotype diversity and mean number of pairwise differences in these samples. Conversely, in cases where modal-and low-frequency haplotypes belong to different clusters, the latter ones contribute disproportionately to mean pairwise differences. Among farmers, the Songhai represents the only group lacking these haplotypes, in line with their general similarity with the Fulani pastoralists.
Discussion
When comparing our results with those from Central Asia (Chaix et al. 2007 ), a rather different pattern is observed. The Y chromosome gene pool of the African pastoralists is more diverse than that of farmers. We argue that in spite of the small number of contemporary pastoralists in the Sahel, the shift to pastoralism in Africa might have involved a much larger ancestral population than the shift to farming. This is in clear contrast with Central Asian pastoralists where the male effective population size is smaller in contrast to their farmer neighbors (Chaix et al. 2007; Segurel et al. 2008) . Substantial gene flow between the constantly mobile pastoralist groups maintained their initial Y chromosome genetic diversity and did not disturb their linguistic integrity: only one dominant language (''Fulfulde'') characterizes these peoples at the present time. However, the mtDNA gene pool of the Fulani pastoralists is composed of a much lower number of haplotypes (even though shared through large distances) than the farmers and might reflect a recent female population bottleneck, similarly as in hunter gatherers (Excoffier and Schneider 2000) . Conversely, among the patrilineal and patrilocal farmers, where many different languages are represented, a stronger malespecific drift and a broader repertoire of mtDNA haplotypes denote possible recruitment of females across linguistic barriers in a distance-dependent manner.
Unfortunately, almost nothing is known about matrimonial exchanges between the pastoralists and farmers from the West African Sahel. Ethnographic studies report only cases within a specific family Fulani clan (Stenning 1959; Bonfiglioli 1988) or deal with matters of economy (Beauvillain 1977) . Our study shows that the sharing of neither mtDNA nor NRY haplotypes is very common between these groups (supplementary figs. S1 and S2, Supplementary Material online), and so mating exchanges must have been rather limited. One exception is the Songhai population from Mali. With regards to the fact that the Fulani nomads might recently (in the 11th century AD) have spread to Lake Chad from West Africa, the relationship between these groups can be explained by the harboring of common ancestral haplotypes. Unfortunately, farmer population samples from the area between Lake Chad Basin and Middle Niger Delta were not available to us. Some mtDNA data sets exists in the literature (Watson et al. 1997 ), but we relied only on the samples secured directly in the field using our collection criteria.
Considering the large extent of mtDNA haplotype sharing between the pastoral groups, two scenarios emerge: a first in which these groups approximate a single population on the maternal side of the gene pool (indicating extremely large gene flow between groups throughout the African Sahel), and a second where the current repertoire of mtDNA haplotypes represents a pool of common ancestral haplotypes. This latter case would imply that genetic drift was not very strong in the pastoral groups. In fact, both scenarios can explain the observed results. According to the archaeobotanical evidence, farming in the West African Sahel is a later phenomenon than pastoralism (Neumann 2003) , and important gene flow within the ancestral population of the contemporary pastoralists might thus have been interrupted only quite recently. On the other hand, among the farmers (speaking various languages), divergence of their pool(s) can have been achieved earlier and more easily, maintaining a lower gene flow among their subpopulations.
The Y chromosome gene pool of the pastoralists mainly consists of two distantly related haplotype sets. Their differentiation in terms of repeat numbers suggests an antiquity predating herding practices. This composition can result either from a dual origin or from a large ancestral effective size in a stationary population. In the latter case, the two long branches of the coalescent tree would have survived until today, but the lack of many Fulani-specific haplotypes would necessitate the postulation of a continuous exchange with other external populations.
Based on comparison with works reporting joint STR and single nucleotide polymorphism data in similar African populations (Goncalves et al. 2005; Rosa et al. 2007; Tishkoff et al. 2007; Berniell-Lee et al. 2009; Cruciani et al. 2010a ) and also including the three modal haplotypes, a large part of the corresponding clusters can be tentatively affiliated with haplogroups R1b-V88, E3b-M35, and E3a-M2, respectively. Maintenance of haplotypes of the second and third clusters in all pastoral groups is compatible with high levels of gene flow and/or a common origin. The presence of a few haplotypes of the first cluster in nomads is very interesting. In fact, these too are deeply differentiated and are similar to those found in high frequency in populations that acquired them after herding practices were already established in the Sahel (Cruciani et al. 2010a ). This component of the male-specific pool thus might testify to the occasional recruitment of males into the pastoralist population. The Y-STR pattern among farmers is radically different, their gene pools being dominated by haplotypes of the first cluster. The populations are differentiated by the frequencies that various haplotypes have reached within each of them (large F ST ), irrespectively of the geographical distance separating them. This pattern is in agreement with genetic drift acting within the male component of each population, accompanied by scarce male-driven gene flow.
The West African Sahel pastoralists and Lake Chad Basin farmers are well separated by the MDS analyses for both mtDNA and Y-STR. The Songhai living in the Middle Niger Delta are currently classified to the Nilo-Saharan linguistic Genetic Structure of Pastoralists and Farmers · doi:10.1093/molbev/msr067 MBE family that is spread and diversified mainly in East and Central Africa. However, according to some linguists, the attribution of the Songhai to this group is very contentious apart from the fact that the whole Nilo-Saharan family is very heterogeneous (Bender 2000) . We explored the F ST relationship between the Songhai (both our and Songhai sample of Watson et al. (1996) ) and 121 African populations in our mtDNA data set (data not shown) and found nonsignificant pairwise differences preferentially with West African populations such as the Guineans, Wolof, and Serer and also with some groups of the central Sahel such as the Hausa, Yoruba, Fulani, Mandara, Ouldeme, Kanuri, and even some Tuareg groups. By contrast, the comparisons of Songhai with Northern, Eastern, and Southern African populations always revealed significant differences. It thus seems that the genetic similarity of the Fulani and Songhai can be better explained by their common ancestry in West or West central Africa.
Our results, together with the West African influences of Fulani pastoralists, support the general idea of the African Sahel acting as a bidirectional corridor along its horizontal axis (Bereir et al. 2007; Černý et al. 2007; Hassan et al. 2008; Tishkoff et al. 2009 ). Peoples such as the Mafa, Hide, and Bulahay can be taken as one ethnic group speaking slightly different dialects (David et al. 1991) . These groups, living in the Mandara Mountains together with the Masa and Kotoko who live along the Shari River, belong to the Chadic branch of the Afro-Asiatic family. Indeed, they account for a major proportion of interpopulation differentiation, as far as Y-STR variability is concerned (supplementary table S3, Supplementary Material online), indicating a parallel genetic and cultural peculiarity of this cluster of populations. The reconstruction of the original homeland of Chadic speakers based on genetic evidence is disputed (Cruciani et al. 2010a; Lancaster 2010 ). An East African origin is favored for their similarity with some Cushitic groups in Somalia and by the phylogeny of L3f3 mtDNA haplogroup (Černý et al. 2009 ), largely represented in our series. Perhaps, the recent founder effect together with subsequent demographic isolation in the Mandara Mountains can help in explaining the reduced genetic diversity of these ''Montagnard'' (the Mafa, Hide, and Bulahay) groups. However, Cruciani et al. (Cruciani et al. 2002 (Cruciani et al. , 2010a (Cruciani et al. , 2010b described the NRY lineage R1b-V88 as associated with the spread of Chadic languages within Africa. This lineage was also found in North Africa and thus favors a northern route to the Lake Chad Basin. The most common NRY STR haplotypes found in our sedentary populations share the 15-11-13 motif at DYS19-DYS391-DYS393 with haplotypes found on this lineage. It is worth noting that this phylogeographic uncertainty replicates that based on linguistic grounds: the ''trans-Saharan'' versus ''inter-Saharan'' hypotheses (Blench 2006) .
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Supplementary tables S1-S3 and figures S1 and S2 are available at Molecular Biology and Evolution online (http:// www.mbe.oxfordjournals.org/).
